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CONCRETE  CRIBBING  USED  AS  RETAINING  WALL  IN  CONNECTICUT 

CONTRIBUTED   EY   H.    G.    ,V:CKeLVEY   OF   THE    DIVISION    OF  CONSTRUCTION 


Concrete  cribbing,  as  shown  in  the  accompanying  illustra- 
tion,    IS    USED  TO    A   CONSIDERABLE    EXTENT    EY    THE    CONNECTICUT  STATE 

Highway  Commission  as  a  substitute  for  the  customary  concrete 
retaining  wall •  The  cribeing  ty=e  of  construction  costs  less,  and 
is  easier  to  i  nst  all,  t  han  a  solid  wall.  It  .iay  be  used  either  to 
retain  the  embankment,  or  the  side  slope  of  a  roac  in  EXCAVATION. 
If  the  cri being  is  not  placed  to  a  satisfactory  height  when  first 
built;  it  may,  later,  s£  added  to  v. ith  little  trouble a  If  the 
section  of  road,  on  which  the  cribbing  has  been  useo,   is  abandoned; 


or  if  for  any  reason,  the  cr i being  is  founo  to  be  no  longer  necessary; 
the  ties  anc  the  stringers  may  be  removed  at  a  moderate  cost  anc  used 
else  v-he  re  ,    the  installation  of  the  cribbing  may  be  accomplished 
BY  a  pi ck-and-sho vel  crew„ 
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THE   TIE8AND   STRANGERS   ARE    CAST,    DURING   THE    SUMMER,  AT 

the  State's  repair  shops.    They  cost  about  $1,25  each.  A 

SUPPLY  OF  SOME    12,000  OF  THE    BEAMS   ARE   MAINTAINED    IN  STORAGE 
TO   TAKE   CARE   OF   ANY  EMERGENCY   THAT   MAY  DEVELOP. 


A  IN  I  QUE  CONTRIVANCE  FOR  SCREENING  AND  LOADING  GRAVEL  SURFACING 

CONTR  I  3'JTE  C    BY   Q.    L.    MCLANE,    ASSOCIATE    HIGHWAY   ENGINEER   OF   DISTRICT  2 

A   UNIQUE    CONTRIVANCE,     FOR    SCREENING    AND   LOADING    GRAVEL,    WAS  USED 
IN    PLACING   A    COMPARATIVELY   SMALL   AMOUNT   0  F    SURFACING   ON    THE  TelEGRA=>-: 

Pass  Cut-off  Feceral-aic  project,  on  the  Phoen i x-Yuma,  Ariz.. route. 
The  contrivance,   illustrated  in  the  accompan y i ng  photograph,  consisted 


OF   A   HOPPER,    GRIZZLY,    AND    CHUTE,    SU^ORTEO    BY    SIX   WOOOEN    DOSTS.  A 
oOWER    SHOVEL,    WHICH    HAD   RECENTLY   COMPLETED   THE    HEAVY    ROCK    CUTS    ON  THE 
PROJECT,    WAS    USED    TO    EXCAVATE    THE    GRAVEL    FROM    AN    ALLUVIAL   DEPOSIT,  AND 
PLACE    IT     IN    THE    HOPOER  .       ThE    GRAVE  L   PIT,    ADJACENT    TO    THE    SLOPE    OF   A  15 
TO    2  3-FOOT    CUT,    V.AS    SATISFACTORY,    EXCEPT    FOR    THE    LARGE    PERCENTAGE  OF 
OVER-SIZE  MATERIAL. 


-5- 


The  contractor  believed  that  it  woulo  be  economical 
to  waste  the  over-size  material  provldfd  the  cost  of  handling 
could  ee  reduced  to  a  reasonable  figure.      the  accuracy  of  the 
contractor's  judgment  wa8  confirmed  by  the  performance  of  the 
screening  and  loading  device.      the  plant  loaded  25  cubic  yards 
of  surfacing  an  hour.      to  accomplish  th 1 6  it  was  necessary  to 
handle  34  to  38  cub  i c  yards  of  plt-run  material.      the  screened 
surfacing  fell  through  the  grizzly  into  the  loading  truck 

beneath;     WHILE  THE  OVER-SIZE  MATERIAL  RAN   FROM  THE  END  OF  THE 

chute  into  another  truck,  in  which  it  was  hauled  a  few  hundred 
feet  and  then  dumped  to  widen  the  embankment* 

Crushed  surfacIng-materIal  has  been  used  only  recently 
on  Arizona  projects;  since  it  has  been  discovered  that,  in  some 
case s ,  the  c08t  of  removing  the  over-size  plt-run  material, 
with  fresnoe8  ano  team8,  is  in  excess  of  the  crushing  charges. 
The  use  of  pit-run  material,  in  the  special  contrivance  just 
de  scr  i  bed ,  effected  a  greater  economy  for  the  small  amount  of 
work  done  than  would  have  seen  possible  with  a  crushing  plant. 
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(Not  for  release) 
00MMENTS  ON  THE  1927  MEETING  OF  THE  A.  8.  T.  M. 
Contributed  by  F.  H.  Jackson  of  the  Division  of  Tests 


The  30th  annual  meeting  of  the  American  Society  for 
Testing  Materials,  held  at  the  French  Lick  Springs  Hotel,  French 
Lick,   Indiana,  during  the  week  of  June  20-25,  was  a  memorable 
one  in  several  respects •      the  meeting,  jn  aodltlon  to  marking 
the  twenty-fifth  anniversary  of  the  ] ncorporav  i on  of  the  society, 
was  the  first  ever  helo  west  of  the  allegheny  mountains.  for 
this  reason,  a  considerably  larger  proportion  of  the  western  mem- 
bers than  usual  attended  the  various  sessions,      highway  testing 
engineers  from  most  of  the  mississippi  valley  states  were  in  at- 
TENDANCE.     The  Bureau  was  represented  dy  Messrs.  E.  F.  Kelley, 
L.  W.  Teller,  F.  H.  Jackson,  and  W.  J.  Emmons,  of  the  Division  or 
Tests. 

In  aodition  to  the  many  features  of  general  interest  to 
the  representatives  of  the  Bureau,  there  were  several  sessions 
and  many  committee  meetings  dealing  with  subjects  of  direct  in- 
terest to  the  highway  engineer.     Of  perhaps  outstanding  inter- 
est MAY  CE  MENTIONED  THE  8YMP0SIUM,    ON   ,:p'!ELD  CONTROL  OF  THE 

Quality  of  Concrete" ,  presented  during  the  final  ses6Jon.  Sev- 
eral PAPER8  DEALING  WITH  PARTICULAR  PHASE8  OF  THIS  PROBLEM  WERE 
PRESENTEO  BY  0UT8T ANDl NO  AUTHORITIES  SUCH  AS  D.   A.   ABRAM8,    H.  8. 

Matt  I more,  R,  3 .  Young,  and  R.  W.  Drum.     A  very  interesting  dis- 
cussion followed  THE  PRESENTATION  OF  THE  SYMP08IUM.       Th 1 8  DIS- 
cussion centered  largely  on  what  constitutes  the  m08t  significant 
strength  te8t  for  concrete.      the  subject  is  of  considerable 
importance  to  the  highway  testing  engineer  at  the  pre8ent  time. 

Other  sessions  of  interest  incluoed  the  sessions  on 
cement,  road  mater  1 al8 ,  corrosion  0 f~  met al8 ,  etc.      at  these  ses- 
sions several  changes  in  the  standard  meth0d8  of  te8t1ng  road 
mater  i al8  were  approved.      these  included  changes  in  the  standaro 
method  of  making  the  mechanical  an alys 1 6  of  sand ,  the  standard 
method  of  test  for  the  distillation  of  8itumin0u8  materials,  the 
standard  method  of  test  for  the  un  j  t  weight  of  aggregates  for 


concrete,  the  8t  andaro  method  of  making  and  storing  concrete  fn 
the  field,  the  8t andaro  method  of  te8t8  for  voids  in  fine  aggre- 
gate for  concrete,  and  the  standaro  method  of  making  the  compres- 
sion test  of  concrete. 

at  the  meeting  of  the  comm j ttee  on  cement ,  the  results  of 
probably  the  large8t  series  of  check  te8t8  of  cement,  ever  con- 
ducted in  th!s  country,  were  presented  dy  mr.  h.  f.  gonnerman  of 
the  Portland  Cement  Association.      These  tests  were  made  by  over 
forty  testing  laboratories,  on  th i rty— two  brands  of  portland 
cement,  for  the  purpose  of  determining  the  relative  concordance  of 
the  present  st  an  card  methods  of  test ) ng  as  compared  to  a  proposed 
method  of  test,  which  involves  the  use  of  neat  cement  of  fluid 
consistency  in  the  form  of  a  2-1 nch  cube,   instead  of  the  standard 
briquette.      a  detailed  report  of  the  results  of  these  test8  will 
oe  published  in  the  near  future . 

Another  meeting  of  interest  to  highway  engineers  was  the 
organization  meeting  of  the  newly  formed  subcommittee  on  screens 
of  the  Committee  on  Methods  of  Tests.      This  committee  has  been 
charged  with  the  duty  of  8t anoaro 1 z 1 ng ,  >f  p08s 1 ble ,  the  shape  of 
the  aperture  in  testing  screens  for  large— s i  zed  aggregates,  such 
a8  crusheo  stone,  slag,  gravel,  etc     all  testing  engineers  are 
familiar  with  the  confusion  resulting  from  the  present  method  of 
having  doth  rouno-hole  and  square— mesh  s i  eves  in  use. 
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(Not  for  release) 
HAWAIIAN  CONCRETE  PAVEMENT  BUILT  WITH  RAIN  SHEDS 
Contributed  dv  H.G.  MoKelvey  of  the  Division  of  Construction 
compiled  from  a  report  8uom i tted  oy  e.  8.  wheeler,  senior  highway 
Engineer  in  charge  of  the  Bureau's  work  in  Hawaii 


Rain  sheds  were  used  to  protect  the  pavement  ano  workmen, 
during  unfavorable  weather,  in  the  construction  of  the  Volcano 
Road  -  Hawaii  Federal-a!o  project  2~B  -  In  the  district  of  Puna. 
The  pavement  consisted  of  6.5  miles  of  plain  concrete,  16  feet 
wide,  and  with  an  8-5-8  cross  section.      The  project  terminates 
near  the  kllauea  orater,  in  the  southeastern  sector  of  the  terri- 
tory, and  form 6  part  of  a  celt  highway,  skirting  the  8n0re— line 

OF  THE    ) 8LAND  OF  HaWaII. 

The  rainfall,  which  was  almost  incessant  during  part  of 
the  construction,  was  of  8uch  volume  that  some  sort  of  protection 
was  nece88ary  to  prevent  interruption  of  the  work*     to  overcome 
p08sidle  delays  caused  oy  the  inclement  weather,  the  contractor 
oullt  a  moveable  sheo ,  large  enough  to  house  the  paver  and  finish- 
er, and  al80  a  train  of  lower  shed  units.     all  of  the  she08  were 
run  on  rollers,  bearing  on  the  8 1 oe  forms,  ano  were  pulleo  forward 
at  the  proper  time  oy  the  paver*     jh 1 8  arrangement  of  moveable 
shed6  provioeo  cover  for  the  laborers ,  and  protected  the  green 
concrete  until  such  time  as  the  surface  could  not  be  pitted  by 
rain;  when  the  coat  of  curing  soil  could  be  applied, 

The  forwaro  large  sheo  was  constructed  16  feet  high  in  the 
clear,  50  feet  long,  and  of  the  same  width  as  the  pavement,  as 
shown  in  Figure  I-(Top),      The  shed  was  mounted  on  flanged  wheels, 
gauged  to  fit  the  side  forms.      This  main  shed  was  large  enough  to 
house  the  entire  mixing  and  f i n i 8h i ng  equipment,  in  aodltlon  to  the 
laborer  8  •      fo  r  further  protection,  aga i n6t  wind  and  rain  entering 
from  the  8i0e8  and  ends,  awn  i ng6  were  provided  on  three  8 1 de8 « 

Following  the  large  main  shed  and  connected  to  it  by  cables 
was  a  train  of  8  lower  protective  sheds,  (figure  I -bottom),  eaoh 
30  fe<;t  long  ano  2  feet  6  inches  high,  mounted  in  the  same  manner 
as  the  large  sheo ,  and  covereo  with  a  cheap  quality  of  roofing 
material.      the8e  minor  shed8  were  of  the  flat  a-type  construction 


Figure   I-(Top)-  Main  rain  shed  used  for  housing  the  mixer, 

finisher,  and  crew. 

( Bottom )-  Train  of  smaller  pheos,  followi<mq  the  y 

PHEC    AN  C    PROTECT  I N  3    THE    CONCRETE,    UNTIL    THE  CONCP 
IS   HARD   ENOUGH  TO   REPIPT    SITTING    5Y   RAIN  FAL 


12- 


and  rested  upon  light  brloglng,  parallel  to  the  ax)  8  of  the  road. 
|n  order  to  make  lapp  i ng  possible,  every  alternate  6he  d  wa8  made 
6  inches  higher  than  the  adjacent  6hedb  «      the  sheds  were  cabled 
together  and,  a8  the  pavement  was  laid,  the  entire  train  was 
hooked  to  the  paver,  or  finisher,  and  moved  forward  the  required 
distance.      Where  the  grade  was  steep  enough,  for  the  train  to  be 
moved  by  gravity,  care  was  taken  to  chock  the  wheels  of  the 
sheds  after  every  move,      |n  order  that  the  train  might  function 
smoothly,  and  not  leave  the  8 1 oe  f0rm8 ,  the  sheds  were  built 
fairly  rigid  and  the  f0rm8  set  true  to  line  and  grade. 

In  April  and  May  of  this  year,  although  it  rained  daily 
during  the  construction  of  a  portion  of  the  pavement,  no  time  was 
lost  due  to  weather  conditions,  because  of  the  aoequate  protec- 
tion afforded  by  the  she 08  . 
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(Not  for  release) 


STATUS  OF  UNITED  STATES  ROUTES  75  AND  85 
Contributed  by  F.  W.  Mills  of  the  Division  of  Design 


United  States  Route  75  is  7t  per  cent  improved  with 
gravel  and  the  higher  types  of  surfacing.      Another' 22 "per  cent 
consists  of  earth,  and  graded  and  drained  roads,  ano  the  balance 
is  unimproved.      There  are  no  large  mileages  of  continuously- 
surfaced  ROAD  ON  THE  ROUTE.        THE  TOTAL  LENGTH  OF  THE  ROUTE  - 
WHICH   ALMOST   BISECT8  THE   UNITED  STATES    IN   A  NORTH-AND-SOUTH 
DIRECTION   -    IS    1,617  M I LE8 • 

A  DET A I  LED   8TATEMENT   OF  THE   CONDITION  OF  THE   ROAD  AS  DE- 
TERMINED by  the  Bureau  survey  follows: 


UNITED  STATES  ROUTE  75 


State 


City  or  town 


Type 


Miles 


Minnesota 


: 


From  the  U .S .-Canadian 
boundary  near  n0ye8 
via  Hallo ck 

Warren 

Crook6Ton 

Ada 

Moorhead 
Breckenr 1 OGE 
Wheaton 
Ortonv jlle 
Mao  1  son 

PI PE8T0NE 
LUVERNE 

to  Iowa  State  line 


i  Concrete , and 
:city  pavement 
{Gravel 
{Graded  earth 
: 


7.86; 
422.14 
10.02 


Iowa 


From  Minn.  State  line 
via  Rock  RapIos 
Le  Mar 8 
Sioux  City 
Onawa 

Missouri  Valley 
to  Nebr.  State  line 
at  counci l  bluff8 


: Concrete , and 
.♦city  pavement 
•Gravel 
{Graced  and 

DR  A  I  NED 


54.00; 
80.00: 

53.00; 


UNITED  STATES  ROUTE. 75  (continued) 


State 


City  or  town 


Type 


Miles    :  Total 


Nebraska 


From  Iowa  State  line 

at  Omaha 
via  Plattsmouth 

Auburn 
to  Kans.  State  line 
north  of  6abetha 


Gravel 
Earth 


70.26 
29.74 


Kansas 


From  Nebr.  State  line 
via  Sabetha 

TOPEKA 

Carsondale 
Lyndon 
Burlington 
Yates  Center 
Neodesha 
Independence 
Havana 
to  Okla.  State  line 


{Concrete, 
jbrick,  and 

:CITY  PAVE. 
{Bl TUMI N0U8 

:Macadam 
: Gravel 
:Graoed  and 
:drai ned 
jUn improved 


49.5 

29.5 
48.5 

78.9 
49.5 


Oklahoma 


TEXA6 


FromJ<ans.  State  line 


:  via  Bartlesvjlle 

[Concrete 

i  77.5! 

:         Tulsa  i 

|BITUMIN0U8  ! 

j        Sapulpa  i 

[Concrete  j 

!  11.81 

:  Okmulgee 

[Gravel  j 

r  50.41 

1  Henryetta 

[Graded  earth  t      50.  |2 

:         Wetumka  j 

[Un improved      :      61 .40 

:             COALGATE  { 

> 

j         Atoka  ! 

! 

:        Durant                   :  : 

:  to  Tex.  State  line  j 

•  > 

:From  Okla.  State  line  ! 

►  • 

►  . 

t  via  Sherman                   j  : 

:         McKinney  ! 

:         Dallas  j 

[Pavement  i 

!  95.00 

j         Corsjcana  J 

-Gravel  i 

158.00 

:         Buffalo  ! 

-Earth  i 

130.20 

Mad i sonv i lle 
Huntsvi lle 
:  Conroe 
i  Houston 
:  to  Galveston 


Total  miles 


,617.37 
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summary  of  types 
United  States  Route  75 

Miles         Per  cent 

Hard  surface  pavements,   including  concrete, 
city  pavement,  bituminous  concrete  and 

MACADAM   i  *.  i »»..»•..*»..»♦***.». .  325.18  2<?»| 

Gravel    829.3  I        51  .2 

Earth,  and  graded  and  drained  roads    351.98  2|.8 

Unimproved   1 | 0.90  6.9 

Total  1,617.37  100.0 


United  States  route  85  is  42  per  cent  improved  with  gravel 

AND   THE   HIGHER   TYPES   OF   SURFACING.         ANOTHER   32    PER    CENT  CONSISTS 
OF  3  LADED   EARTH,    AND   GRADED   AND   DRAINED   ROADS,    AND   THE    BALANCE  IS 
UNIMPROVED.         THE    TOTAL   LENGTH    OF  THE   ROUTE    -  WHICH   EXTENDS    IN  A 
NORTH-AND-SOUTH   DIRECTION,    JUST    EAST   OF  THE   ROCKY  MOUNTAINS   -  IS 
1,551  MILES. 

A   DETAILED   STATEMENT    OF   THE    CONDITION   OF   THE   ROAD   AS  DETER- 
MINED by  the  Bureau  survey  follows: 


UNITED  STATES 


State 


City  or  town 


ROU 

T  i 


'E  85 


'PE 


North  Dakota: From  the  U.S .-Canadian  \ 
:boundary  north  of  Ambrose 
:  via  Ambrose  to  a  point 

on  U.S. Highway 
:         route  2  west  of 

Wl LLi  STON 

via  Alexander 
Watford  City 
Midway 
Am  3  don 
Bowman 
to  S.  Dak.  State  line 


Graded  and 

ORA  INED 

UN  1 MPROVED 


M I  LEG 


135.00 
121 .00 


Total 


256.00 
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UNiTED  STATES 


ROUTE  85  (continued) 


State 

?              C'VY   OR  TOWN 

Type 

1    Ml  LES 

:  Total 

South  Dakota 

;From  NoDak.  State  line 
! south  of  8 wart wood  ; 
:  via  Buffalo  j 
;         Bellefourche  : 
\         SpE ar  f ) sh  j 
:         Deadwood  j 
;         Lead  j 
:  to  Wyo.  State  line  : 

Gravel 

,Bladed  earth 
Unimproved  , 

I  26.03 
!  34.00 
I  95.00 

:  155.03 

1 

Wyoming  : 

:From  S.  Dak^ State  line  :  ! 
! southwest  of  Buckhorn     J  ! 
!  via  Newcastle                :Gravel,  or  i 
!          lusk                         {selected  ! 
!         Ling  le                     :materJai.  : 
:         Torr i ngton              : Graded  j 
:         Cheyenne                  ;Un improved  ! 
t  to  Colo.  State  line      :  i 

:        74.5  ! 
:       157.4  j 
!        47.1  i 

i  ; 

'     £79. UU 

Colorado  : 

From  Wyo.  State  line  j 
:south  of  Cheyenne  i 
via  Greeley  \ 
\         Brighton  ; 
!          Denver  j 
!         Castle  Rock  i 
!         Colorado  Springs  ; 
t         Pueblo  j 

Concrete,  and: 
city  pavement; 
Bjtumjnoub  i 
Macadam  i 
Gravel  : 
Gradeo  earth  j 

; 

!  107.86: 

35.31: 
110.6  : 
65.23: 

319.00 

Walsenburg 

Tr i n ! dad 
to  N.Mexico  State  line 
at  Raton  Pass 


New  Mexico 


From  Colo.  State  line 

at  Raton  Pass 
via  Raton 
Maxwe ll 
Wagon  Mound 
Las  Vegas 
Romero v 1 lle 
Santa  Fe 
Albuquerque 
Los  Lunas 
Socorro 
Hot  Springs 
Caballo 
to  Las  Cruce6 


: 


Concrete , and 
pavement 
Crushed  stone 
Gravel 

Graded  earth 
Un i mproved 


: 


55.41 
68.82 
169.07 
100.  I 
148.6 


542.00 


Total  miles 


I ,551 .03 
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Summary  of  Types: 
United  State-s~Route  85 


Ml LE6  Per  cent 

Hard  Surface,  pavements ,   including  concrete, 

city  pavement,  and  bituminous  macadam   198.58  |2.8 

Gravel  and  crushed  stone   449 .02  29.0 

Earth,  glaced,  and  graoed  ano  drained   491.73  31.7 

Unimproved    4) I .70  26^5 


Total      1,551.03  100.0 
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(Not  for  release  ) 
TESTS  OF  HIGH-STRENGTH  CEMENTS  MADE  IN  GERMANY 
(From  Der  Bauingenieur,  March  19,   1927,  page  2 13) 
Translated  and  adstracteo  by  C.  S.  Jarvis ,  of  the  Division  of  Design 


a  number  of  tests,   involving  16  grands  of  h j  gh— strength 
cement,  were  conducted  during  1926  by  the  german  concrete  association. 
Tensile  and  compressive  tests  were  made  on  normally  dry,  and  sloppy 
mixtures  of  cement  mortar,  and  gravel  concrete,  at  65°  f.,  ano  at 
32°  f.j  and  also  on  cement  stored  for  a  period  of  6  months.  the 
investigations  were  further  extended  to  include  admixtures  of  tufa, 
a  natural  hydraulic  cement  found  among  the  volcanic  deposits  so  agun- 
dent  along  the  lower  rhine. 

the  results  of  the  tests  indicated  that: 

I.    The  high-strength  cements  shoulo  reaoh  or  exceeo,  at  3 
days,  a  compressive  strength  of  3,550  pounds  per  square  inch;  and, 
at  28  days,  7,100  pounds  per  square  inch.      the  corresponding  tensile- 
strength  values,  at  3  and  28  days,  shoulo  be  355  and  640  pounds  per 
square  inch. 

2*    The  6-months  storage  of  the  cements  causeo  a  considerable 
reduction  in  both  the  tensile  and  compressive  strengths  at  3  and  28 

DAYS. 

3.  a  freezing  temperature  reduced  both  the  tensile  and  com- 
pressive strengths,  considerably,  at  3  days,  but  to  a  much  lesser 
degree  at  28  days. 

4.  An  excessive  amount  of  water  in  the  mixture  reduced  both 
the  tensile  ano  compressive  strengths,  considerably,  at  3  days,  but 
much  less  at  28  days. 

5.  The  tensile  and  compressive  strength  values  of  tufa 
cement  mortar  and  concrete  were  less  than  th06e  obtained  with  similar 
amounts  of  portland  cement. 

Tests  of  1:3  Cement  Mortar  Using  Standard  Sand 

Mixtures  of  one  part  cement  to  three  parts  of  standard  sand 
were  moistened  with  water  equivalent  to  8  per  cent  ey  weight  of  the 
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ory  ingredients,      specimens  molded  from  th  i s  mortar  were  tested 
for  tensile  and  compressive  strength  at  3  and  28  days.      the  molded 
Specimens  were  maintained  one  day  in  air  and  then  Immersed  two  days 
in  water  for  the  3-day  test;  or  6  days  in  water,  and  2|  days  In  air 
for  the  23  day  test. 

Figure  I-(Top)  illustrates  the  minimum,  average,  and  maximum 
compressive  strengths  for  the  16  brands  of  cements  as  given  in 
Taole  I.      The  full  lines  represent  the  strengths  attained  dy 

FRESHLY— MANUFACTURED   PR0DUCT8,    AND  THE   BROKEN   LINES  -  INDICATING 
SOMEWHAT    LOWER   VALUES   -  ARE    FOR  THE   CEMENT    STORED   FOR  SIX  MONTHS 
IN   A   DRY  WAREHOUSE.         THE    DATA   SHOW     THAT   THE   MINIMUM  COMPRESSIVE 
STRENGTHS  RECORDED   BY  THE    FRESHLY-MANUFACTURED  CEMENT, AT   3   AND  28 
DAYS,    WERE  3.S50  AND  7,530  POUNDS   PER   SQUARE    INCH,  RESPECTIVELY; 
WHILE   THE   CORRESPONDING   AVERAGE   VALUES  WERE  4,840  AND  8,900 
POUNDS  PER   SQUARE  INCH. 

Figure  I -(Bottom)  and  the  data  in  Table  f  show  that  the 

MINIMUM   TENSILE   8TRENGTHS   OF  THE    I  ?3  MIXTURES  OF  FRE8HL Y— MANU^ ACT UR£ D 
CEMENT   AND   STANDARD  SAND  WERE,    AT   3   AND  28   OAYS ,    370  AND  640  POUNDS 
PER    SQUARE    INCH,    RESPECTIVELY;    WHILE   THE   CORRESPONDING  AVERAGE  VALUES 
WERE  442   AND  717   POUNDS   PER   SQUARE  INCH. 


Tests  of  1:3  Cement  Mortar  Using  Rhine  Sand 

higher  8trengths  were  invariably  0  stained  when  rhine  sand 
grading  from  0  to  5  millimeters  (0.2  i nch  )  was  substituted  in  the 
mortar  for  the  standard  sand.     the  average  increases  in  compressive 

STRENGTH,  AT  3  AND  28  DAYS,  WERE  29  ANO  31  PER  CENT  RESPECTIVELY; 
WITH  CORRESPONDING  I NCREASE8  IN  TENSILE  8TRENGTH  OF  41  AND  23  PER 
CENT  . 

Tests  of  Concrete  Mixtures 

Tests  were  then  made  of  the  high-strength  cements  in 
concrete  mixed  in  the  proportions  of  i  :2|-:2^  by  volume.  the 
fine  and  coarse  aggregates  were  obtained  by  screening  r i ver  gravel 

INTO   SIZES   VARYING   FROM   0  TO    5  MILLIMETERS   (0.2    INCH),    AND  FROM 
5  TO   20  MILLIMETERS   (0,79    I NCH ) .         FOR  COMPRESSIVE   TESTS   ON  EACH 
BRAND  OF  CEMENT,    THERE   WERE   PREPARED  TWELVE   8-lNCH  CUBICAL  SPECIMENS, 
MIXED  WITH  9|  PER   CENT   OF  WATER  TO   PRODUCE   A  RELATIVELY  DRY  CONCRETE. 

Another  |2  specimens  were  mixed  with  )5|  per  cent  of  water  to  produce 
a  sloppy  concrete.      The  forms  were  removed  after  being  under  a  moist 

COVERING   FOR  THE  .F IR8T   24  H0UR8.        ONE   HALF  OF  THE   TEST  SPECIMENS 
WERE   THEN  CURED    IN   A I R   AT  ORDINARY   TEMPERATURES,    57°  TO   68      F. ,  AND 
THE   OTHER   SAMPLES   WERE   KEPT    1W   OOLO   STORAGE   AT   32°  F. 


FIGURE  I  -  (TOP)  -  MAXIMUM,  MEAN,  AND  MINIMUM 
COMPRESSIVE  STRENGTH  OF  16  SAMPLES  OF  HIGH 
STRENGTH  CEMENT. 

(BOTTOM)  -  MAXIMUM,  MEAN,  AND  MINIMUM 
TENSILE  STRENGTH  OF  16  SAMPLES  OF  HIGH- 
STRENGTH  CEMENT. 
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Table  I  gives  the  results  of  all  t«c  tests  as  reported 

EXCEPT  THAT    THE   VALUES  .A»fc    EXf»Rfc.SSE"D    IN   T«ME  £PSI(3LI8H  EQUIVALENTS 
Of    TWC  M£T^G   UNITS.      THE    DATA    INDICATE   THAT   THE    DRY  CONCRETE, 
CURED  AT   AN   ORDINARY  TEMPERATURE,    ATTAINED   A  MINIMUM  STRENGTH 
AT   28   DAYS  OF  3,920  POUNDS   PER  SQUARE    INCH,    WITH   AN  AVERAGE 
STRemCTTH  4,720  POUNDS  PER   SQUARE    INCH;    WHILE   THE  CORRESPOND- 

ING  FIGURES   FOR   THE   8L0PPV  CONCRETE  WERE    1,851    AND  3,110  POUNDS 
PER   SQUARE    INCH,    OR  61    ANO  89  PER   CENT  OF  THE  PH Y— CONCRETE  VALUES, 
RESPECTIVELY.      THE   OR Y— OOISJCRC TE   SPECIMENS   CURED  AT  32°   F.,  ATTAINED 
STRENGTH     E<3U*LlNG,    AT   3   AND  28   DAYS,    67   AND  89  PER   CENT,  RESPEC- 
TIVELY,   OF  THE  MIXTURES  OF  A   SIMILAR  CONSISTENCY  CURED  AT   65°  F. 
THE   SLOPPY-CONCRETE   SPECIMENS,    AT   3   AND  28    DAYS,    ATTAINED  VALUES 
OF   59   AND  87  PER   CENT,    RESPECTIVELY,   OF  THE   MIXTURES  OF  SIMILAR 
CONSISTENCY  CURED  AT   65°   F.      THESE    FIGURES    INDICATE  THAT  THE 
EFFECTS  OF  LOW  TEMPERATURES  AND  HIGH  MOISTURE   CONTENTS  ARE  MORE 
PRONOUNCED   DURING  THE    FIRST   FEW  DAYS  OF  CURING.      THE   VARIOUS  BRANDS 
OF  CEMENT   SHOWED  PRACTICALLY  THE  SAME   RES  I  STANCE   TO   LOW  TEMPERATURES ». 

THE  EXPERIMENTS   WITH  CONCRETE  CURED  AT  NORMAL  TEMPERATURES 
WHRE   THEN   DUPLICATED  WITH  THE  SAME   DRAND8  OF  CEMENTS  AFTER  6  MONTHS 
OF  DRY  STORAGE.      THE   LUMPS,    THAT  HAS   FORMED  WHILE    IN   STORAGE,  WERE 
NOT  REMOVED,    AND  THE  CEMENT  WAS  USED  JUST   AS    IT  WAS  FOUND.  THE 
RESULTING  STRENGTHS   FOR  THE  DRY  MIX,    AT  3   AND  2G   DAYS,   WERE   55  AND 
69  PER  CENT,    RESPECTIVELY,    OF  THE   RESULTS  SECURED  WITH  THE  FRESHLY- 
MANUFACTURED  PRODUCT";   WHILE  THE  CORRESPOND  I NG  VALUES    FOR  THE  SLOPPY 
CONCRETE  WERE   57   ANO  59  PER  CENT. 


Tests  of  Tufa  Cement 

|n  connection  with  the  foregoing  experiments,  tests  were 
conducted  on  tufa  cement  taken  from  volcanic  depo6it8  so  abundant 
along  the  lower  rksne. 

The  normal  Portland  cement,  such  as  was  used  in  the  fore- 
going TESTS,   WAS  CALLED  CEMENT  Aj   THE   SUBSTITUTION  OF  TUFA  CEMENT 
FOR  20  PER   CENT  OF  NORMAL  CEMENT  WAS  CALLED  CEMENT   B;    AND  THE  ADDI- 
TION OF  ONE -THIRD  OF  A  BAG  OF  TUFA  TO  ONE   SAG  OF  PORTLAND  CEMENT 
CONSTITUTED  CEMENT  C.       In  ALL  THE  MIXTURES    IN  THIS   SERIES  OF  TESTS, 

1-1/3  parts  Cement  C  were  compared  with  one  part  of  either  Cement  A 
or  Cement  B. 

The  data  in  Table  2  indicate    that  tufa  cement  mortar,  and 
concrete,  showed  lfcss  tensile  and  compressive  strength  than  mortar, 
or  concrete,  made  with  similar  proportions  of  portlano  cement.  the 
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INCREASED   RICHNESS   OF   MIXTURES    CONTAINING  CEMENT    C  PRODUCED 
GREATER    STRENGTH    IN    THE   MORTARS   MADE    WITH    STANDARD    SAND,    AS  COM- 
PARED WITH    THE    STANDARD   PORT  LAND-CEMENT   MIXTURE;    3  UT    SHOWED  l-ESS 
STRENGTH    IN   THE    MORTARS   CONSTRUCTED  WITH    RHINE    SAND.      THE    I - I /3 : 
2-1/2:2-1/2    CONCRETE    MIX   WITH    CEMENT   C    ALSO    SHOWED  CONSIDERABLY 
LESS    STRENGTH    THAN    THE    SAME   Mix    WITH    CEMENT  A. 


